Radioactive contamination of groundwater at waste dump sites in Chernobyl Exclusion Zone
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Fig. 4. Diagrams of the hydro-chemical parameters for the RWTSS “Neftebaza’, “Red Forest” and Pripyat Zaton (July-
August 215)

in the RWTSS “Staraya Stroybaza” This waste bur- | high proportion of condensation component of
ial has an anomalously high cesium-137 to stron- | Chernobyl fallout enriched by cesium-137.

tium-90 activity concentration ratio of 6.7, which In the “Red Forest” sector, the choice of waste
can be explained by presence in waste material of | burials for groundwater sampling was dictated by
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the existence of monitoring wells in the vicinity of
these burials. In the “Neftebaza” sector, waste trenches
were selected, which were surveyed in the previous
years by the State Enterprise “Science — Technical
Center on Complex Radioactive Waste Manage-
ment” (SE “STC KORO’, Zhovty Vody). In the RWTSS
sectors “Staraya Stroybaza” and “Yanov Station”,
groundwater sampling at the respective radioac-
tive waste burial sites was carried out for the first time.

Table 2. Groundwater contamination at the RWTSS in the 10 km zone of ChNPP in July-August 2015 based on samp

Hydrogeological conditions in the near zone of
ChNPP at the time of sampling are illustrated in
Fig. 2. The groundwater flow in the unconfined
aquifer occurs from RWTSS sectors towards the
Pripyat River and residual lakes in the area of the
former cooling pond of the ChNPP. To the north
from ChNPP is situated the Pripyat Zaton reser-
voir (pond), which represents the dead channel of
the Pripyat River separated from the main river

Nearest Depth to
RWTSS Longitude Latitude waste Sampling point ground-
burial water, m
“Red Forest” 5123.089 30 04.064 1-B Well IGN-1B 2.51
7 7 5122.983 3003.928 4-TB Well 1 2.81
> 7 5122.982 3003.932 4-TB Well 2 4.68
7 7 5122.988 30 03.967 4-TB Well 4 2.94
7 7 5122.989 30 04.017 6-TB Well 9 2.32
7 > 5122.989 30 034.035 6-TB Well 12 2.18
7 > 51 23.007 30 04.162 7-TB Well 14 1.3
7 7 5123.009 30 04.171 7-TB Well 15 2.33
? ? 51 23.009 30 04.190 7-TB Well 16 2.33
7 7 5123.009 30 04.197 7-TB Well 17 1.73
7 7 5122.942 30 04.092 10-T Well 35 2.8
> > 5123.009 30 04.181 7-TB Well 7-TB. 2.18
7 7 5123.028 30.04.198 22-T Well 3-95-2 4.02
7 > 22-T Well 4-02-2 4.45
“Neftebaza” 22-T Well 5-99 2.95
7 5124.331 3005.334 204-T Well 2-HH 2.94
7 5124.320 30 05.304 202-T Well 8-HH 2.89
7 51 24.522 30 05.545 201-T | Auger, 0 m from waste burial 2.6
7 5124.521 30 05.554 201-T | Auger, 2,5 m from waste burial 2.6
” 5124.521 30 05.554 201-T  |Auger, 5 m from waste burial 2.6
7 5124.521 30 05.554 201-T | Auger, 10 m from waste burial 2.6
7 202-T | Auger, 0 m from waste burial 2
K 202-T | Auger, 2,5 m from waste burial 2
? 51 24.544 30 05.531 202-T Auger, 5 m from waste burial 2
7 202-T | Auger, 10 m from waste burial 2
7 51 24. 613 30 05.410 Pripyat Zaton (surface water)
“Staraya Stroybaza” 5123.029 30 04.721 B-33 Auger, 0 m from waste burial 4
? ? B-33 Auger, 2,5 m from waste burial 4
7 7 B-33 Auger, 5 m from waste burial 4
7 7 B-33 Auger, 10 m from waste burial 4
7 ? B-33 Auger, 5 m upstream from waste burial 4
“Yanov Station” 5123.234 30 03.149 B-26 Auger, 0 m from waste burial 1.75
7 > B-26 Auger, 2,5 m from waste burial 1.75
7 > B-26 Auger, 5 m from waste burial 1.75
? ? B-26 Auger, 5 m upstream from waste burial 3

Note: For groundwater samples from “Staraya Stroybaza” and “Yanov Station” strontium-90 was analyzed in the labo

carried out in the laboratory of the SSE “Ecocenter”, Chernobyl.
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channel by a protective dam. The water level in
Pripyat Zaton (105.3 m a.s.l.) is 2 m higher than
the mean level in Pripyat River (103.3 m a.s.l).
This results in water seepage from Pripat Zaton
through its banks towards the river.

The Fig. 2 also shows the layout of groundwater
sampling sites in the respective RWTSS sectors.
Locations of groundwater sampling points with
respect to individual waste burials are shown in

ling using shallow wells and a push-drill auger

Eh, Cond, 28r, Err,, 137Cs, Err.,
pH mV | pS/ecm | Bg/l % Bq/l %
52 282 24 1200 9 0.097 50
4.62 293 158 3500 9 |Not determ.

4.6 130 44 170 9 7 7

6.3 160 51 2200 9 7 7

4.8 214 23 270 9 ” 7

5 62 145 7100 9 7 7

596 | -105 97 660 9 7 7

5.81 121 53 1800 9 7 7

6.03 40 250 350 9 > 7

6.4 145 118 560 9 7 7

6.23 12.8 270 960 9 7 7

6.74 21 476 790 9 7 7

5.25 315 39 510 9 0.08 49
5.27 327 58 | 11000 9 0.220 30
5.01 338 30 180 9 0.210 30
6.6 22 147 1.4 10 0.600 15
6.8 -39 315 2.6 10 0.090 49
6.3 20 328 3.0 10 0.088 49
6.6 -7.7 288 2.1 9 0.082 49
6.71 -11 264 2.0 9 0.170 34
5.4 66 244 1.1 9 0.091 49
6.81 1.6 338 6.7 9 0.089 49
6.71 | -14.6 | 348 1.5 10 0.062 55
6.8 10 354 1.5 10 0.061 58
6.61 | -30.5| 348 14 10 0.069 60
8.5 127 263 11 10 2.100 11
447 | 1524 | 191 13900 | 24.8 0.08 42
4.5 1554 | 220 7550 | 14.3 0.06 48
8.05 | -60.9| 255 17800 | 12.5 0.08 41

5 118 267 6710 | 12.5 0.06 45

5.6 85.4 43 780 | 16.2 <0,04

4.13 170 76 50 | 52 <0,04

4.7 150 58 133 | 36.5 <0,04

4.9 120 123 732 | 24.8 <0,04

5.2 101 122 129 | 184 <0,04

ratory of the IGS; all other analytical determinations were
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Fig. 3 (a)-(d). The expected directions of ground-
water flow in the vicinity of burials are shown by
arrows. These flow directions were determined
based on measurements of groundwater levels in
wells (see Fig. 2). Sampling was performed along
monitoring well profiles (or from temporary drill-
ing points) located in the immediate vicinity of the
waste burials at distances ranging from several
meters to 10 m in downstream direction. In addi-
tion, groundwater samples from upstream loca-
tions were collected.

Determining the concentration of strontium-90
in groundwater was of main interest, as this radio-
nuclide poses major risks of groundwater and sur-
face water contamination in the Chernobyl exclu-
sion zone (Bugai et al., 1996; Kireev et al., 2013,
2019). The concentration of cesium-137 in ground-
water was also measured. The results of the
groundwater contamination survey of the RWTSS
sectors are summarized in Table 2 and illustrated
in Fig. 3.

The higher specific activities in groundwater of
the RWTSS sectors are observed for strontium-90.
At RWTSS “Red Forest” the strontium-90 concen-
trations varied from 180 to 11000 Bq/]; at “Staraya
Stroybaza” — from 780 to 17800 Bq/l; at “Yanov
Station” — from 50 to 732 Bq/l, at “Neftebaza” —
from 1.1 to 14 Bq/l. For comparison, the maxi-
mum permissible activity concentration of stron-
tium-90 in drinking water according to the DR-
2006 regulations (Ministry of Health of Ukraine,
2006) is 2 Bg/l. The highest levels of groundwater
contamination by strontium-90 are observed for
waste burials that contain waste with maximum
specific activity (in the “Staraya Stroybaza” and
“Red Forest” RWTSS, see Table 1). At the RWTSS
“Starya Stroybaza” elevated strontium-90 concen-
trations in groundwater were sampled at up to 10
m distance downstream from the waste burial
(clamp B-33). Somewhat lower levels of ground-
water contamination with strontium-90 and cesi-
um-137 for the “Yanov Station” compared to “Red
Forest” and “Staraya Stroybaza” may be due to rel-
atively low specific activity of waste in this RWTSS
compared to other surveyed sectors (see Table 1).

Noticeably lower levels of strontium-90 in
groundwater at “Neftebaza” compared to the “Red
Forest” are likely to be related to the geological
conditions of this site which is the presence of lay-
ers of loamy soils with elevated sorption properties
underlying the radioactive waste burials at “Nefte-
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baza” The migration of radionuclides from the
waste burials at “Neftebaza” has been also likely af-
fected by the specific hydrogeological and hydro-
chemical conditions of this RWTSS due to the in-
filtration of water from the Pripyat Zaton into the
aquifer. The geochemical conditions in groundwa-
ter below the RWTSS are discussed in more detail
below in paragraph 3.2.

The concentrations of cesium-137 in ground-
water at the surveyed RWTSS sectors are signifi-
cantly lower compared to strontium-90, and vary
from values below the detection limit (<0.04 Bq/l)
to 0.6 Bq/l, while most values are of an order of 0.1
to 0.2 Bq/l or less. For comparison, the maximum
permissible activity concentration of cesium-137
in drinking water according to the DR-2006 regu-
lations is 2 Bq/l (Ministry of Health of Ukraine,
2006). The low mobility of cesium-137 in ground-
water is caused by the significant sorption of this
radionuclide by the matrix of geological deposits
and the fixation (non-exchangeable sorption) by
clay minerals (Cornell, 1993; Bugai et al., 2020).

Levels of radioactive contamination of ground-
water of RWTSS by strontium-90 and cesium-137
measured during the survey in 2015 are generally
comparable to the levels of contamination of the
respective sectors based on sampling surveys in
1992-1998 (Table 3). Thus, during the last two
decades the conditions for radioactive contamina-
tion of groundwater were observed at RWTSS,
which are relatively stable over this time span. This
may be due to the gradual dissolution of the fuel
particles in the waste burials and the subsequent
release of mobile forms of radionuclides to ground-
water, so that vertical inflow of radionuclides from

waste burials compensate for horizontal transport
in the aquifer by advection-dispersion process and
radioactive decay. In particular, it was established
by (Kashparov et al., 2019) that by 2015 about half
of the strontium-90 activity in trench no.22-T in
the “Red Forest” RWTSS still remained associated
with that of the non-dissolved fuel particles (from
this last fraction about ~30% of activity was asso-
ciated with the very stable zirconium-matrix fuel
particles).

The exception from the general picture is the
RWTSS “Neftebaza”, where markedly lower levels
of groundwater contamination with strontium-90
were observed in 2015 compared to data from
1998. The possible reasons for this are discussed in
the next paragraph.

It should be noted, that the strontium-90 con-
centrations in groundwater sampled in the report-
ed survey are much higher than concentrations
that are observed during last decade in the moni-
toring wells of the SSE “Ecocenter” (Kireev et al.,
2013, 2019). For example, *Sr concentrations in
wells no.1/1, 2/1 and 2/2 of SSE “Ecocenter” situ-
ated at RWTSS “Staya stroybaza” in 2015 ranged
from 22 to 76 Bq/l, while *Sr concentrations in
groundwater based on push drill sampling reached
17600 Bg/1 (see Table 2).

Hydro-chemical conditions

In the course of groundwater sampling, measure-
ments were also made in the field of pH, Eh and
conductivity. The Eh parameter determines the re-
dox conditions in groundwater: the positive values
correspond to the oxidizing conditions, while the

Table 3. Data of studies on radioactive contamination of groundwater
in RWTSS carried out by various organizations, in 1992-1998 (Antropov et al., 2001)

RWTSS Waste Year Organization that Maximum radionuclide activity concentration, Bq/l
burial of survey conducted survey oG 1370 2394200y,
“Red Forest” 19-T 1992 NIPIPT 3600 No data 0.42
7 7 20-T 1992 7 30000 “« o« 0.33
> 7 29-T 1992 7 14000 “© 0.15
> 7 22-T 1998 IGS 16000 0.3 0.18
> 7 4-BT* 1998 > 2700 350* 5.0
“Yanov Station” 14-T 1995 STC KORO 3990 No data No data
“Neftebaza” 4-T 1998 7 7 613 0.4 0.039
> 201-T 1998 7 > 274 0.3 <0.001

Notes: *High '*"Cs value for waste burial 4-BT can be explained by the fact that the waste burial was flooded by
groundwater, and sample was taken directly from the water-saturated waste material.

34

ISSN 1025-6814. Geologicnij zurnal. 2020. Ne 2



Radioactive contamination of groundwater at waste dump sites in Chernobyl Exclusion Zone

negative values to reducing hydro-chemical condi-
tions. The conductivity parameter depends on the
total dissolved solids (TDS, content of the major
ions): higher conductivity indicates a higher TDS
value of the sample. The results of the corres-
ponding measurements are shown in Table 2 and
in Fig. 4.

It can be seen that the results of hydro-chemical
measurements for the “Neftebaza” are essentially
different compared to other RWTSS (“Red Forest”,
“Yanov Station”, “Staraya Stroybaza”), which can
be explained by the different groundwater recharge
mechanism to the unconfined aquifer.

For the RWTSS “Red Forest”, “Yanov Station’,
“Staraya Stroybaza” groundwater recharge is for-
med by atmospheric precipitation. Such ground-
water is characterized mainly by oxidizing con-
ditions (positive Eh), relatively low pH (about 5)
and low TDS (and respectively low conductivity).
Downstream of the trenches, the TDS of the wa-
ters may increase slightly, and Eh may change to-
wards reducing conditions due to the leaching of
ions from the waste material and the bio-degrada-
tion of organic materials in the waste burials (Bu-
gai et al., 2012b).

A different picture is observed for the RWTSS
“Neftebaza” Here, the groundwater is character-
ized by a relatively high conductivity (close to the
value for the water of the Pripyat Zaton), reducing
conditions (negative Eh) and pH values shifted to-
wards alkaline conditions. In our opinion, this is
due to the infiltration and seepage in the aquifer of
the surface waters of the Pripyat Zaton towards the
Pripyat River. The water level in the Pripyat Zaton,
which is isolated from the river by a protective
dam, is about 105.3 m a.s.l,, and in the Pripyat Riv-
er — about 103.3 m a.s.l. (in low flow conditions),
which results in a hydraulic head gradient, and
creates condition for seepage from the Pripyat Za-
ton towards the river. Reducing conditions in
groundwater infiltrating to the aquifer from the
Pripyat Zaton can be caused by leaching the sur-
face water through the organic-rich bottom sedi-
ments in the Pripyat Zaton.

Relatively high discharge rates of the lateral
seepage flow from the Pripyat Zaton in the aquifer
in the zone of waste burials of the “Neftebaza”
could have caused leaching of mobile radionuclide
chemical forms (in particular strontium-90), and a
decrease in strontium concentrations as in 2015
(see Table 2) compared to the previous survey in
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1998 (see Table 3). The concentration of stron-
tium-90 can also be affected by alkaline hydro-
chemical conditions, which may cause the removal
of radiostrontium from the solution in the form of
carbonates (Panasyk et al., 2019).

Conclusions

The survey of radioactive contamination of ground-
water at waste dump sites (RWTSS) in the 10-km
zone of ChNPP carried out in 2015 has shown
that the main hazard, as in previous years, is relat-
ed to groundwater contamination by strontium-
90. The strontium-90 concentrations have varied
at “Red Forest” from 180 to 11000 Bq/l; at “Staraya
Stroybaza” from 780 to 17800 Bq/l; at “Yanov Sta-
tion” from 50 to 732 Bq/]; at “Neftebaza” from 1.1
to 14 Bq/L

The concentrations of cesium-137 in ground-
water are significantly lower compared to stron-
tium-90 and vary from values below the detection
limit (<0.04 Bq/l) to 0.6 Bq/l; while the most val-
ues are in an order of 0.1-0.2 Bq/l or less.

The levels of radioactive contamination of
groundwater at RWTSS with strontium-90 and
cesium-137 measured during the survey in 2015
are in general comparable to the levels of conta-
mination of the respective sectors based to the
studies performed in 1992-1998. Thus, at present
the conditions of radioactive contamination of
groundwater are observed, which are relatively
stable over the last 2 decades. This may be due
to the gradual dissolution of fuel particles in
waste, and, respectively in the gradual leaching
of newly released mobile radioactive contami-
nants into groundwater which compensate for
horizontal transport in the aquifer and radioac-
tive decay.

Relatively low levels of groundwater contamina-
tion by strontium-90 have been observed for the
waste dumps at “Neftebaza” site. Based on the ana-
lysis of hydrodynamic and hydro-chemical condi-
tions, it can be assumed that here radionuclide mi-
gration conditions are affected by surface water
infiltration from the Pripyat Zaton in the direction
of the Pripyat River. High discharge rate of seepage
from the Pripyat Zaton creates a “wash-out re-
gime” in the aquifer, and clayey soils and alkaline
geochemical conditions may favor lowering radi-
ostrontium concentrations in groundwater below
waste burials.
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It should be noted that the sampling data of ra-
dioactive contamination of groundwater in the
immediate vicinity of waste burials with the help
of the push-drill auger provide significantly higher

proper locations and design of the observation
wells), and it requires further improvement and
development.
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PAIIOAKTUBHE 3AGPYIJHEHHSA ITIJI3EMHMX BOJ B ITYHKTAX
JIOKAJTI3AIIIT PAB B YOPHOBVJIbCHKIN 30HI BITYYKEHHA

IIpencrasineHi pe3ynbTaTy 06CTeXEHH: 3a0pYHEHHS IIiI3eMHIX BOJ B IYHKTAaX JIOKaJIi3anii pajjioakTMBHUX BifXOAiB
(PAB) B 10-kinomerposiit 30ui YopHob6mabcpkoi AEC, 1o MicTATh Bigxomu Bif micisiaBapiitHOI e3akTuBanii micre-
BoOCTi (30KpeMma, “pyauii mic’, 3arnbnuii Bifj eKCTpeManbHKX PiBHIB pagiamil B 1986 p.). Bin6ip mpob mifzemHux Bog y
GesmocepenHiit 6MM3bKOCTI Bijf IOXOBaHb BIAXOAIB i3 3aCTOCYBaHHIM cucTeMu yaapHoro 6ypinus Waterloo Profiler,
IIpoBefleHnit y muiHi—ceprHi 2015 p., Iokasas, [0 OCHOBHA Hebe3IleKa OB’ sA3aHa i3 3a0pyIHEHHAM NiI3eMHNX BOJ
cTpornieM-90. KoHIleHTpanis cTpoH1if0-90 y IpyHTOBIl BOAi KONMyBanach Al pi3HMX ITOXOBaHb Bifxoxis Bif 1,1 mo
17 800 bx/n, o 3HAYHO NepeBUIye HOPMATHUB A/1A MUTHOI Bofu 2 bk/n. KornnenTpanis nesiro-137 y migseMHnx Bomax
BapiloBajlach BiJ 3HauyeHb HIDK4Ye Mexi BusABIeHHA (<0,04 Bx/m) mo 0,6 Bx/m (ToO6TO MeHIe IUTHOrO HOPMATUBY
2 Bk/n). Pesynbratn Bifbopy npo6 mokasanmmy, o piBHi pafioakTMBHOTO 3a0pyAHEHHSI I3 MHUX BOJ, CTPOHIIiEM-90 B
30Hi MOXOBaHb € BITHOCHO CTa0i/IbHUMM IIPOTATOM OCTAHHIX IBOX [IeCTUIIITh, IO BiIIOBIa€ rinmoTtesi mpo IIOCTYIIOBE
PO3YMHEHH ITa/IMBHYX YaCTVHOK Y MaTepianax PAB Ta mopanpimiit mirpaunii pagioakTMBHUX 3a0pyIHEHD B IiI3eMHIUX
Bofax. binpin HU3BKI piBHI cTpoHIi0-90 B Hmifj3eMHUX Bojax MO6/IM3Yy IIOXOBaHDb BiIXOMiB CIIOCTepirajucs B MYHKTI
nokanisanii PAB «Hagro6a3a» mo6mmsy Ilpum’arcbkoro 3aToHy, o, IMOBipHO, 00yMOBIIeHO crienndivHIMH Tifpo-
TeO/IOTiYHMMIY Ta reOXiMiYHMMY yMoBaMM L€l fiAHKY (IIMHUCTI I'PYHTY; MigBUIeH] IBUAKOCTI 1aTepaabHOl (inb-
Tpauii; BifHOBIIOBa/IbHI Ty>XHI reoximiuxi ymosu). OTpuMani faHi WOKO pafioaKTUBHOTO 3a6PYAHEHHS IPYHTOBUX
BOJI Y 6e3n0cepenHiI71 6/IM3bKOCTI Bij moxoBaHb PAB i3 3aCTOCYBaHHAM CUCTEMM YIapHOTO 6ypiHH;1 MOKa3aJii 3HAa4YHO
Oi/IBIII BUCOKMII piBeHDb 3a0PYAHEHHS IPYHTOBMX BOJ, MIOPIBHSHO 3 JAHMUMIL PEXMMHOI MepexXi MoHiTOpuHTY Jlep>KaB-
HOTO crierjiajisoBanoro mignpuemcrsa “ExorieHtp’, sike BifjIoBifae 3a pagiauiiiunii MOHITOpUHT y YOpHOOMIBCHKIl
30Hi Biay>xeHHA. Ile miaTBEpIKYE, 10 iCHYI0Ya CMCTEMA TifpOreoIoriYyHOr0 MOHITOPMHTY ITyHKTIB JIOKasisanii papi-
oakTVBHUX Bigxonis B 10-km 30Hi YAEC moTtpebye moganbuioro BOCKOHAIEHHsI Ta PO3BUTKY.

Kmouosi cnosa: asapis na YAEC; cmponuyiii-90; yesiii-137; nid3emui 600U; MOHImMopuHe.
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PAIVMOAKTVBHOE 3ATPA3SHEHME ITOA3EMHBIX BOJ] B ITYHKTAX
JIOKAJIM3ALIM PAO B YEPHOBBIIBCKOM 30HE OTYYXXJIEHNA

ITpencraBiieHbl pe3ynbTaThl 0OCIETOBAHNA 3arPA3HEHNUA NTOA3EMHbBIX BOJ B IIYHKTAX JIOKA/IM3alMN Pajl0aKTVBHBIX
orxonoB (PAO) B 10-kmnomerpoBoit 3oHe YepHoObUIbCKOIT ADC, comepKalux OTXOAbI MMOCTeaBapUItHON [je3aK-
TUBALMU MECTHOCTH (B 4aCTHOCTH, «PbIKUIL JIeC», MOTMOLINII OT SKCTpeMa/IbHBIX YpOoBHel paguanyuy B 1986 1.). OT60p
npo6 MOA3eMHBIX BOJ, B HEIIOCPENCTBEHHO OMM30CTM OT 3aXOPOHEHMII OTXONOB C IIPUMEHEHUEM CHUCTEMbI YAap-
Horo 6ypenns Waterloo Profiler, nposenenublit B mrone—asrycre 2015 ., ToKa3aj, YTO OCHOBHasI OIIACHOCTD CBsA3aHa C
3arpssHeHVeM IIOfI3eMHBIX BOJ CTpoHIyeM-90. KoHueHTpanysa cTpoHnusa-90 B TpyHTOBOI Bofie KojmeOamach Jyisd
Pa3nMYHbIX 3aXOPOHEHNI 0TX0710B OT 1,1 1o 17 800 B/, 9TO 3HAYMTETBHO IIPEBbIIIAET HOPMATUB /I IUTHEBOI BObI
2 Bx/n. KonnenTpanus nesus-137 B MoA3eMHBIX BOJAX BapbMpOBalach OT 3HAYEHUI HIDKe Ipefena oOHapy>KeHus:
(<0,04 bx/n) o 0,6 bx/n (T.e. MeHbIIe MUTheBOro HopMartusa 2 bk/i1). Pesynbrarel oT60pa npo6 mokasanu, 4To ypoBHU
PajVoaKTUBHOTO 3arpsI3HEHN A IIO[j3eMHBIX BOJ CTPOHIIMEM-90 B 30HE 3aXOPOHEHU OTHOCUTE/IBHO CTAOM/IBHEI B Te-
YeHMe NMOCNIefHNX JBYX IeCATUIETUI, 9TO COOTBETCTBYET TMIIOTE3€ O NOCTENIEHHOM PacTBOPEHMM TOTIMBHBIX 4aCTHUI]
B Matepuanax PAO u nanbHerer MUrpaniuy pajuoaKTUBHBIX 3aTpsASHEHMIT B IOA3€MHbIX Boflax. bonee Huskume ypoB-
HY CTPOHIIMA-90 B IOfI3eMHBIX BOZIaX BOMM3M 3aXOPOHEHMII OTXOJ0B HaOMIONaMICh B MyHKTe ToKanusanum PAO «He-
¢drebasa» BOmm3n [Ipunarckoro 3aToHa, YTO, BEpPOATHO, OOYCIOBIECHO CriennUYecKUMM IUAPOre0IOTNYeCKUMI 1
TeOXVIMUYECKVMY YCTIOBYAMM 9TOTO Y4acTKa (IIMHMCTBIE TPYHTDI; IOBBIIIEHHbIE CKOPOCTY JIaTepalbHON (uibTpa-
LIVIJ; BOCCTAaHOBUTE/IbHBIE II[eJIOUHBIe FeOXUMMYecKye yenoBys). [lonydeHHble faHHbIE IO PaAMOAKTUBHOMY 3arpss-
HEHUIO TPYHTOBBIX BOJ, B HEIIOCPENCTBEHHOI Omm3ocTy oT 3axopoHeHuit PAO ¢ mpuMeHeHMeM CUCTEMbI YAAPHOTO
OypeHus Mmokasajay 3HaYUTENIbHO Oojiee BBICOKUIT YpPOBEHb 3arpA3HeHMsI IPYHTOBBIX BOJ II0 CPAaBHEHMIO C JaHHBIMMU
PEXVMHON CeTV MOHUTOpMHTa [0CyiapCTBEHHOIO CIelMaI3MPOBaHHOIO NpeAnpyuATha “DKOLEHTp , KOTOpoe OT-
BedaeT 3a PajMalIOHHBII MOHUTOPUHT B UepHOOBIIbCKOI 30He OTYYXK/IeHUA. DTO MOATBEP>KIAeT, YTO CYLIeCTBYIO-
Ilasg CUCTeMa TMPOreo/IOTMYeCKOT0 MOHUTOPMHIA ITYHKTOB JIOKA/IM3alMM PafOaKTUBHBIX OTXONOB B 10-KM 30He
YADC Tpebyer manbHelIIero COBEpIICHCTBOBAHMA U PA3BUTHL.

Kmiouesvie cnosa: asapus na YASC; cimponyuii-90; yesuti-137; noozemioie 600bl; MOHUMOPUHE.
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